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COOLING PACKAGE FOR AGRICULTURAL COMBINE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention is directed to a cooling package for use in an agricultural 
5 combine, more particularly it relates to sealing, mounting and connection of a radiator 
and charge air cooler in a cooling package. 

2. Description of the Related Art 

An agricultural combine often is powered by a turbocharged diesel engine 

paw 

O requiring a cooling package which may include a radiator and a charge air cooler. In 

[j| 10 order to be adequately stocked to build cooling packages for combines, manufacturers 
W have purchased radiators and charge air coolers and maintained inventories of these 

[U components. In assembling each cooling package, the manufacturer has mounted a 

as 

* ? ~ radiator and a charge air cooler into a large frame. For ease of manufacture, the frame 

• ; typically has been substantially larger than the combined dimensions of the components, 

□ 

f|| 15 resulting in physical gaps between components and gaps between each component and 

in 

o 

h* seal between the components themselves and there has not been a tight seal between each 


the frame. A problem with existing cooling packages is that there has not been a tight 


component and the frame. Instead of tight seals, there have been physical gaps between 
components and gaps between each component and the frame. Each gap is tantamount to 

20 an air leak path, permitting environmental air to bypass the cooling core of the radiator 
and the cooling core of the charge air cooler, thereby decreasing the efficiency of the 
cooling package and each of its components. The problem of gaps is exacerbated by 
fouling of the cooling cores caused by hot, dusty, chaff-laden conditions typical in the 
environment around agricultural harvest combines. As the cores become fouled through 

25 use, a larger proportion of the environmental air passes through the unintended and 

undesirable gaps which offer relatively less resistance to air flow than the fouled cores. 

The cooling package circulates air from the environment through heat exchanger 
cores in the radiator and the charge air cooler. The radiator's purpose is to reject heat 
from an engine cooling fluid, usually a mixture of water and ethylene glycol, into the 

30 circulated environmental air to cool the engine and other moving parts. The charge air 
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cooler's purpose is to improve the overall efficiency of the engine by improving the 
performance of a turbocharger within the engine. A turbocharger compresses air that is 
sent to cylinders of the engine, however, an undesired outcome of this compression is that 
the air is heated as it is compressed, sometimes to as hot as 250° C. Because hot air is 
5 less dense than cool air, it is advantageous to cool this air, allowing air to be fed to the 
cylinders at a more optimized air to fuel ratio. Cooling of this air is accomplished in the 
charge air cooler, where air temperature can be lowered from 250° C to 80° C or lower. 

However, the environment of a combine poses an unusually severe problem as 
compared to other work machines. Any air that bypasses the cores of the radiator and 

M 10 charge air cooler is unavailable to cool the radiator fluid or the compressed air. This 

p 

p problem reduces the heat transfer efficiency of the radiator and charge air cooler which 

111 

j can lead to engine overheating or loss of power. 
Ifl Previously on combines, the radiator and the charge air cooler have been placed 

B p; into a cooling package frame so that gaps were formed between these components and 

? . 15 between each component and the frame. Efforts have been made to stuff pieces of foam 

M : 

□ or other packing into these gaps in an attempt to prevent the passage of air, dust and chaff 

flf 

jjl through the gaps. Foam has not been cut precisely for the cooling package, and irregular 

pieces have stuffed into the gaps of the cooling package. Foam as thick as one to two 
inches and as wide as 4 inches or more has been used. Either a worker installing the 
20 packing had to be unusually attentive and thorough, or the gaps were not completely 
filled. Thus, existing cooling packages have failed to seal the gaps formed between the 
components and between each component and the frame, and problems arose when 
packing wore away, fell out, decomposed due to heat, humidity or the formation of 
particulates, or if a leak path formed through the packing. 
25 Efforts have been made to mount a radiator into a frame to create a seal around 

the outer perimeter of the radiator as shown in U.S. Patent 6,298,906, but this does not 
address the problem of sealing a radiator and charge air cooler in combination. 

Therefore, what is needed is a cooling package with a tight seal between the 
radiator and the charge air cooler, and a tight seal between each of these components and 
30 the frame of the cooling package, so that there are no gaps for the air to pass through. 
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BRIEF SUMMARY OF THE INVENTION 

— ft-isjm object of the present invention to provide a cooling package for a combine, 


including a siibnssprnFlyrrf-n radiator and a charge air cooler. The subassembly having a 
fa£S* *vith - a pcrimcto fr-^ 

It is another object of the present invention to form a seal between the radiator 
and the charge air cooler 

Another object of the invention is to form a seal around the perimeter of the face 
of the subassembly so that the air that passes into the cooling package will only be able to 
follow a path through the cores, not around the cores or through leak paths. 

It is a feature of the present invention to provide a cooling package for a combine. 
The main components of the cooling package are a radiator and a charge air cooler, 
which are connected side by side creating a subassembly having a face with a perimeter. 
A subassembly seal is formed along the connected sides of the radiator and the charge air 
cooler. The subassembly seal is intended to eliminate leak paths between the radiator and 
the charge air cooler. The subassembly is mounted into an opening within a frame. The 
frame has an inwardly extending flange that the perimeter of the face of the subassembly 
is abutted against. The flange provides a perimeter seal around the perimeter of the 
subassembly face so that no leak paths exist around the subassembly. 

In a preferred embodiment of the invention, the radiator and the charge air cooler 
have lips that extend from the sides to be connected. The lips are bolted together to form 
the subassembly seal between the sides of the radiator and the charge air cooler, which 
form the subassembly. In the preferred embodiment, foam tape is placed on the flange to 
ensure the formation of the perimeter seal around the subassembly face. The 
subassembly is bolted into the frame to form the cooling package. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG 1 is an exploded perspective view of the cooling package. 
^)^^FIG. 2 is a perspective vriew of the subassembly. 

/ FIG. 3 is a top cross-sectrcmal view of the assembled cooling package. 
5 FIG. 4 is a cross-sectional View of the frame and the inwardly extending flange 

with the foam tape and the subassembly in place. 

FIG. 5 is a view of the combing, with a cutaway view of the positioning of the 
cooling package. 

DETAILED DESCRIPTION OF THE INVENTION 

□ 10 Referring now to the figures, there is shown a novel and improved cooling 

□ 

jjl package 10 for use in an agricultural combine 12. The inventive cooling package 

*f advantageously incorporates both a radiator 20 and a charge air cooler 22, which are 

in ' 

(«* combined into a unitary subassembly 24 having a face 26 with a perimeter 28, as part of 


III 
□ 


the manufacturing process, in order to create a metal-to-metal seal 29 between the 
15 subassembly components of radiator 20 and charge air cooler 22 and thereby prevent 
undesirable leakage of air in the juncture 30 between the cooling cores 32 and 34. 
Moreover, the cooling package advantageously mounts the subassembly in a frame 40 
H having a sealing flange 42, thereby preventing leakage of air around the perimeter of the 

subassembly face. 

20 Subassembly 24 is made up of a radiator 20 and a charge air cooler 22. Radiator . 

20 uses a cooling fluid, such as a mixture of water and ethylene glycol, to cool engine 14. 
The cooling fluid collects heat from engine 14 and then runs back to radiator 20 where it 
runs through the fins or other heat exchanger surfaces of heat exchanger core 32 of 
radiator 20. Charge air cooler 22 cools air compressed in a turbocharger (not shown). 

25 Because cooler air is more dense than warm air, cooler air exiting charge air cooler 22, 
will be able to provide a higher air to fuel ratio to cylinders (not shown) in engine 14 of 
combine 12 by cooling air exiting a turbocharger, at about 250° C down to about 80° C. 
Air from the environment is drawn in a direction of air flow 150 by a fan (not shown) 
which is housed within shroud 44. The air is drawn through upstream face 46 of radiator 

30 20 and upstream face 48 of charge air cooler 22, where it comes into contact with heat 
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exchanger cores 32 and 34. The environmental air becomes hotter, while the cooling 
fluid in radiator 20 and the compressed air in charge air cooler 22 become cooler. 

Radiator 20 has an upstream face 46, a downstream face 50, a top 52, a bottom 
54, and sides 56 and 58. Widths of radiator 20 range from about 60 cm to about 75 cm, 
with a preferred range of about 65 cm to about 70 cm, and a still more preferred width of 
about 66 cm. Heights of radiator 20 range from about 95 cm to about 120 cm, with a 
preferred range of about 105 cm to about 1 15 cm and still more preferred height of about 
107 cm. Thicknesses of radiator 20 range from about 10 cm to about 20 cm, with a 
preferred range of about 15 cm to about 18 cm, and still more preferred a thickness of 
about 17.5 cm. 

Charge air cooler 22 has an upstream face 48, a downstream face 60, a top 62, a 
bottom 64, and sides 66 and 68. Widths of charge air cooler 22 range from about 40 cm 
to about 50 cm, with a preferred range of about 45 cm to about 48 cm, and a still more 
preferred width of about 46 cm. Heights of charge air cooler 22 range from about 85 cm 
to about 110 cm, with a preferred range of about 90 cm to about 95 cm and still more 
preferred height of about 93.5 cm. Thicknesses of charge air cooler 22 range from about 
10 cm to about 20 cm, with a preferred range of about 15 cm to about 18 cm, and still 
more preferred a thickness of about 16 cm. It is also preferred that the height and 
thickness of charge air cooler 22 be the generally the same as the height and width of 
radiator 20 so that when they are combined, they form a subassembly 24, preferably of a 
uniform height and thickness with a width that is the combined width of radiator 20 and 
charge air cooler 22. It is also preferred that upstream faces 46 and 48 also line up to 
form a substantially continuous upstream face 26 of the subassembly 24. 

Side 56 of radiator 20 and side 66 of charge air cooler 22 are connected to form 
subassembly 24 having an upstream face 26 with a perimeter 28. The connection of 
radiator 20 and charge air cooler 22 forms subassembly seal 29 between radiator 20 and 
charge air cooler 22. Subassembly seal 29 eliminates leak paths at juncture 30 between 
radiator 20 and charge air cooler 22. An advantage of creating subassembly 24 with 
subassembly seal 29 is that it improves cooling efficiency of cooling package 10. By 
creating the subassembly, it is unnecessary to stuff gaps with irregular foam packing that 
falls out and looks unsightly, which also reduces maintenance requirements. 
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Subassembly 24 also reduces the overall size of cooling package 10, which saves on 
manufacturing costs, and saves precious space within the combine. 

In a preferred construction of the subassembly, the radiator and the charge air 
cooler are provided with lips to be bolted together. Thus, radiator 20 has upstream lips 
5 70 and downstream lips 72 that extend upstream and downstream from side 56 of radiator 
20 and charge air cooler 22 has lips 74 and 76 that extend upstream and downstream from 
side 66 of charge air cooler 22. Lips 70 and 72 of radiator 20 and lips 74 and 76 of 
charge air cooler 22 have a length of about 50% to about 80% of the height of radiator 20 
and charge air cooler 22, with a preferred range of about 60% to about 70%, and still 
|»h 10 more preferred length of about 65% of the height of radiator 20. Lips 70 and 72 of 

n 

PI radiator 20 and lips 74 and 76 of charge air cooler 22 have a width of between 1 cm and 4 

tf1 cm, with a preferred range of 1 .5 cm to 2.5 cm, and still more preferred a width of about 

Ui 

[if 2 cm. It is preferred that the lengths of lips 70 and 72 of radiator 20 and lips 74 and 76 of 

■ Z charge air cooler 22 be approximately the same length and width so that when they can 

* 15 be easily engaged to form subassembly 24. Lips 70 and 72 of radiator 20 have mounting 

p holes 78 and lips 74 and 76 of charge air cooler 22 have mounting holes 80. Each of the 
lips has one or more mounting holes 78 and 80, with a preferred number of three. 


bqtf 
fil 

if! 

□ Mounting holes 78 and 80 have a preferred diameter of between about 5 mm and about 


25 mm, with a preferred range of about 8 mm to about 12 mm, and still more preferred a 
20 diameter of about 10 mm. The diameter of mounting bolts 82 and mounting nuts 84 are 
slightly smaller than the diameter of mounting holes 78 and 80 so that mounting bolts 82 
will fit into the mounting holes. 

Radiator 20 and charge air cooler 22 are connected by engaging upstream lip 70 
of radiator 20 with upstream lip 74 of charge air cooler 22 and downstream lip 72 of 
25 radiator 20 and downstream lip 76 in charge air cooler 22 so that holes 78 in radiator lips 
70 and 72 are in alignment with holes 80 in charge air cooler lips 74 and 76. 

The lips are securely but releasably connected by the use of mounting bolts 82, 
preferably three bolts. Although it is preferred that bolts are used to connect lip 70 to lip 
74 and lip 72 to lip 76, the lips alternatively could be welded together to create a secure 
30 connection and seal between radiator 20 and charge air cooler 22. Bolts 82 are passed 
through mounting holes 78 and 80 and engaged with nuts 84 to form a seal between 
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radiator 20 and charge air cooler 22, which forms subassembly 24, having upstream face 
26 with perimeter 28, downstream face 86 with perimeter 88, top 90, bottom 92, and 
sides 94 and 96. The preferred construction allows easy connection between radiator 20 
end charge air cooler 22 because it only requires the installation of one or more nuts and 
bolts, with the preferred number of nuts and bolts being three each. The embodiment 
also ensures a tight metal to metal seal between side 56 of radiator 20 and side 66 of 
charge air cooler 22 simply by tightening bolts 82. 

Cooling package 10 is comprised of subassembly 24 as it is previously described, 
and an outer frame 40. Subassembly 24 is placed within frame 40 to provide a rigid 
structure for cooling package 10 and one unit to be placed in combine 12. 

Frtame 40 is made up of outer walls 98, each having an inner surface 100. Walls 
98 define an opening 102 within frame 40 into which subassembly 24 can be placed. The 
dimensions of frame 40 depend on the sizes of radiator 20 and charge air cooler 22 that 
make up subassembly 24. For example, the inside width of frame 40 would be 
approximately the\ame as the width of subassembly 20, allowing enough tolerance for 
subassembly 24 to fitsinside frame 40. The inside height of frame 40 would be slightly 
larger than the height o\subassembly 24 to create gaps 104 and 106 between walls 98 
and subassembly 24. Gaps 104 and 106 are intended to allow the feed and withdrawal of 
cooling fluid from radiator 20 and air from charge air cooler 22. The width of each wall 
20 98 of frame 40, which corresponds to the thickness of frame 40, is between about 120 cm 
and about 150 cm, with a preferred range of about 130 cm to about 140 cm, and a still 
more preferred width of about 135 crn. Attached to inner surfaces 100 of frame 40 is a 
flange 42. It is preferred that flange 42^ continuously connected to the entirety of inner 
surface 100, but it is conceivable to place ^he flange on three or fewer of inner surfaces 
25 100 of walls 98. Flange 42 has a width of between 2 and 5 cm, with a preferred range of 
2.5 to 3.5 cm, and still more preferred width of about 3 cm. It is the purpose of flange 42 
to create a mounting surface for subassembly 24 and to create a perimeter seal 108 
around the perimeter 28 of subassembly 24. 

Subassembly 24 is mounted within opening 102 of frame 40. Perimeter 28 of 
30 upstream face 26 of subassembly 24 is abutted against flange 42 to form perimeter seal 
108. Perimeter 28 of upstream subassembly face 26 also has holes 110 to allow the 
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mounting of subassembly 24 to flange 42 of frame 40. Subassembly 24 is mounted to 
frame 40 by placing a set of bolts 1 12 though mounting holes 1 14 in flange 42 and 
through subassembly mounting holes 1 10 in perimeter 28 of subassembly face 26. 
Perimeter seal 108 eliminates leak paths around perimeter 28 of upstream subassembly 
5 face 26. The combination of subassembly seal 29 and perimeter seal 108 directs the 
cooling air through radiator core 32 and charge air cooler core 34, and prevents the 
formation of leak paths around cores 32 and 34. 

^^^SAlthough a metal to metkl seal can be formed around perimeter 28 of upstream 
subassembly face 26, it is preferable to place foam 116 onto flange 42 so that foam 1 16 is 

10 between perimeter 28 and flange 42 in order to ensure a good and effective seal between 

□ \ 

P the perimeter of upstream subassembly face 26 and flange 42. Preferably, foam 1 16 has 

'■H adhesive on one side to allow attachment to flange 42. Foam 1 16 has a width slightly 

[fl smaller than the width of flange 42, with a width between 1 .5 cm and 4.5 cm, with a 

ha* \ 

B p preferred range of 2 to 3 cm, and a still more preferred width of about 2.5 cm. The 

s 15 thickness of foam 116 can range from 1 mm to 10 mm, with a preferred range of 2 mm to 

fax \ 

□ 5 mm, and a still more preferred thickness of about 3.3 mm. Alternatively, another 


ru 
in 


material, such as rubber, or in another configuration, such as a continuous gasket can be 


C3 used to ensure perimeter seal 108. The preferred embodiment uses strips of foam, which 

can be purchased in rolls from suppliers and applied as desired. The method is 

20 advantageous because it allows the foam to be placed on several different sizes of cooling 
packages, while still providing an effective seal about the perimeter of the subassembly. 
The use of foam, however, is optional and may be eliminated if one desires a metal to 
metal seal between subassembly 24 and flange 42. 

Subassembly 24 is placed within opening 102 in frame 40 and engages foam 1 16 

25 attached to downstream surface 124 of flange 42. Foam 1 16 ensures subassembly 24 
forms perimeter seal 108 by compensating for variations in manufacturing and for 
loosening or shifting of components in the field. Although it is preferred that perimeter 
28 of upstream subassembly face 26 is mounted to downstream surface 124 of flange 42, 
it is possible to mount perimeter 88 of downstream subassembly face 86 to upstream 

30 surface 1 1 8 of flange 42 within the scope of the present invention. 
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?eause of the extremely dirty environment of an agricultural combine, upstream 
face 26 of sutfe^sembly 24 becomes covered with dust and chaff, and if face 26 is not 
cleared regularly, ne^t exchanger cores 32 and 34 can become blocked off To aide in 
^l/Pl c l ear i n g °f f ace 26, passi^e-f^n blades 120 are placed directly upstream from face 26 to 
increase turbulence of air drawn thr&ugticooling package 10. A detailed description of 
passive fan blades 120 is disclosed in co-pen^tng^application wit h Attorney Docket # 
0212 -0002 filed contemporary herewith, incorporateabjcreference as if reproduced in 
full herewith. 

A conventional fan (not shown), housed downstream of cooling package 10 

10 within shroud 44, draws air through cooling package 10 in air flow direction 150 and 
spins at a rotational speed of about 1500 rpm up to about 2000 rpm. An optional 
hydrostatic/hydraulic oil cooler (not shown) is a heat exchanger that can be placed 
upstream of cooling package 10. The oil cooler cools engine oil to extend service life of 
engine 14. A rotary screen door (not shown) is placed upstream of the oil cooler to act as 

1 5 a filter of larger pieces of chaff. The rotary screen has a positive, full time drive that 

rotates whenever engine 14 is running. The rotary screen acts as a filter for larger pieces 
of chaff and has a vacuum pickup to clear this chaff from the screen door. The fan, 
hydrostatic/hydraulic oil cooler and the rotary screen door all have functions in combine 
12 related to cooling package 10, but are not a part of the scope of the present invention. 

20 Air follows a path in the direction of air flow 150, and flows through the rotary 

screen door, through a heat exchanger core of the hydrostatic/hydraulic oil cooler. The 
air passes passive fan blades 120, the flow of air causing fan blades 120 to rotate, 
increasing turbulence of the air and helping to clean chaff and dust off upstream 
subassembly face 26. The air passes through heat exchanger core 32 of radiator 20 and 

25 heat exchanger core 34 of charge air cooler 22 where the air becomes heated. The air 
passes out of cores 32 and 34 out of downstream subassembly face 86 into shroud 44, 
where it is drawn by the fan. 

In order to allow easy clearing of dust and chaff off of cooling package 10, a 
hinged access door 122 is placed on an outside wall of combine 12. Ladder 124 and 

30 landing 126 are placed up against the outer wall and door 122 is opened giving access to 
the rotary screen door, which is also hinged and can be swung out to allow access to the 
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hydrostatic/hydraulic oil cooler. The hydrostatic/hydraulic oil cooler also is hinged to 
allow access to cooling package 10 so that upstream subassembly face 26 may be cleaned 
by an operator of combine 12. 

Ctf&ling package 10 may be manufactured by the following method. The desired 
dimensions of cci&Ung package 10 v are chosen, and frame 40 is manufactured to these 
dimensions. Radiator -ZO^mi charge air cooler 22 are selected to fit within opening 102 
of frame 40 so that sides 94 and^R6 of subassembly 24 have a line to line fit with inner 
surfaces 100 of walls 98 of frame 40ah4so that top 90 and bottom 92 of subassembly 24 
have gaps 104 and 106 between them. Flan^42 is attached to inner surfaces 100, 
10 preferably by welding. Foam 1 16 is placed onto downstream surface 124 of flange 42 
and provides a nearly continuous layer of sealing foam> 

Subassembly 24 is assembled by placing both radiator 20 and charge air cooler 22 
into a jig (not shown) which aligns radiator 20 and charge air cooler 22. Alternatively, 
radiator 20 and charge air cooler 22 can be placed on a flat surface and upstream lips 70 
15 and 74 and downstream lips 72 and 76 are aligned. Once radiator 20 and charge air 

cooler 22 are aligned properly, mounting bolts 82 are passed through mounting hoies 78 
in lips 70 and 74 and 72 and 76. Mounting nuts 84 are then engaged with mounting bolts 
82 and tightened until a line to line fit between radiator 20 and charge air cooler 22 is 
established, forming subassembly seal 29 between the radiator 20 and charge air cooler 
20 22. Subassembly 24 is then placed within opening 102 of frame 40 so that the perimeter 
28 of the subassembly face 26 is abutted against flange 42 so that foam 1 16 is in contact 
with both perimeter 28 of upstream subassembly face 23 and flange 42, creating 
perimeter seal 108. Subassembly 24 is then mounted to flange 42 of frame 40 using 
frame bolts 112, which pass through flange mounting holes 1 14 and subassembly 
25 mounting holes 1 10 to form a rigid structure of cooling package 10. 

An advantage of the formation of subassembly 24 is that it forms a subassembly 
seal 29 between radiator 20 and charge air cooler 22. An advantage of flange 42 is that it 
forms a perimeter seal 108 around perimeter 28 of upstream subassembly face 26. The 
formation of seals 29 and 108 within cooling package 10 eliminates the need to place 
30 irregular pieces of foam packing in gaps between the radiator and charge air cooler, or 
between radiator 20 and charge air cooler 22 or between these components and the 
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cooling package frame 40. Not only is the time consuming step of applying this foam 
packing into the gaps eliminated, but the gaps themselves are eliminated. This saves time 
in the manufacturing process, it saves space in the combine, and it saves on costs of 
material because the cooling package is of a smaller size than the prior art. But most 
importantly, the formation of seals 29 and 108 eliminate leaks that bypass heat exchanger 
cores 32 and 34. 

The present invention should not be limited to the above-described embodiments, 
but should be limited solely by the following claims. 
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